sieve to obtain single-cell suspensions. The cells were washed with phosphate-buffered saline (PBS) three times and stained with trypan blue to determine their viability and number. The cells were then cultured in non-coated plastic flasks in DF12 medium (Gibco, Grand Island, NY, USA) supplemented with 10% FBS, 100 U/mL penicillin-streptomycin (Sigma), and 2 mM glutamine (Sigma); non-adherent cells were removed by completely changing the medium after 24 h. The cultures were maintained at 37°C in a humidified atmosphere containing 5% CO 2 and passaged at 80-90% confluency. The hWJ-MSC cultures were characterised by the analysis of cell surface markers using flow cytometry and in vitro differentiation assays with the Mesenchymal Stem Cell Adipogenesis Kit (Cyagen Biosciences Inc., USA) and Mesenchymal Stem Cell Chondrogenic Kit (Cyagen Biosciences Inc., USA).The cell number and viability were determined by trypan blue staining; a cell viability percentage of at least 95% was required for all of the tests. Cells after two to seven passages in the logarithmic growth phase (80-90% confluency) were used in the experiments described in this article.
RT reaction and quantitative real-time PCR (qRT-PCR)
hWJ-MSCs were exposed to LPS (final concentration of 1.0 µg/mL) for 24 h, 48 h, and 72 h for hWJ-MSC activation; the same volume of PBS was used to treat the cells as a control. The supernatants were harvested by centrifugation at 3000 rpm for 20 min and stored at -80°C for protein detection after LPS exposing respectively. The adherent hWJ-MSCs were trypsinised with 0.25% trypsin, washed twice with PBS, and collected by centrifugation at 1500 rpm for 10 min. The pellets were lysed with 1 mL Trizol Reagent, and the total RNA was subsequently isolated following the manufacturer's protocol (Invitrogen, Carlsbad, CA). The extracted RNA was quantified using a Nanodrop2000 ND-2000 (Nanodrop, USA), and cDNA was synthesised using 2 µg RNA and the Revertaid H minus first strand cDNA synthesis kit (Fermentas Life Sciences, EU). qRT-PCR analysis for TLR4, CD14, IL-1β, IL-1α, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12, IL-13,  indoleamine 2,3-dioxygenase [IDO]-1, IDO2 , TNF-α, Cox-2, interferon [IFN]-β, IFN-γ, MMP-2, and MMP-9 transcripts was performed in triplicate using an Applied Biosystems 7500 Fast Real-Time PCR system thermal cycler. A DyNAmo™ Flash SYBR ® Green qPCR Kit (Thermo, USA) and primers (listed in Table 1 ) at a final concentration of 0.2 µM were used with the following programme: hot start at 95°C for 7 min, 40 cycles of annealing at various temperatures for 30 s and extension at 72°C for 32 s, followed by the final single-peak melting curve programme. The qRT-PCR analysis was further confirmed by analysis of the PCR products using 1.8% agarose gel electrophoresis. The comparative threshold cycle method (2-ΔΔCt) was used for data analysis. The relative expression of the target gene mRNA was calculated and normalised based on the GAPDH levels using SDS software version 1.4.
Flow cytometry
hWJ-MSCs were trypsinised, harvested and aliquoted at 1×10 5 cells per tube, and labelled with FITC-conjugated mouse anti-human CD90, CD105, CD73, CD31, CD14, HLA-ABC, HLA-DR, isotype antibody (Biolegend, USA), or Phycoerythrin conjugated to mouse anti-human TLR4 and isotype antibody (ebioscience, USA) for 45 min at 4°C. To detect the intracellular expression of TLR4, cells were fixed in ice-cold 4% paraformaldehyde for 10 minutes and were permeabilized in ice-cold acetone for another 10 minutes prior to stain with monoclonal anti-TLR4 antibody. The cells were rinsed in PBS before, between and after the fixation and permeabilization. After incubation, the cells were washed once again with PBS and resuspended in 400 µl PBS. The cells were analysed using a FACScan flow cytometer (Beckman FC500, USA) within 1 h after filtering through a 150-µm mesh screen.
Proliferation: MTT assay
Cells were seeded in a 96-well plate at 1000 cells per well in 100 µl complete medium and incubated for six hours to allow attachment. The cells were then exposed to LPS (E. coli serotype O55:B5; Sigma, USA) (final concentration of 1.0 µg/mL) for up to 24 h, 48 h, 72 h, and 120 h; the same volume of PBS was used as a control. When cell culture time is over, the medium was removed, and 200 µl of fresh medium and 20 µl of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) reagent (10%, final concentration of 0.5 mg/ml) was added per well. The plates were incubated for 4 h in an incubator, and 150 µl DMSO per well was added to formazan produced. The colourimetric determination of MTT reduction was measured using a plate reader at 490 nm (SynergyMx Multi-Mode Microplate Reader, Biotek, USA).
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Apoptosis and cell cycle: PI staining hWJ-MSCs were seeded in a 6-well plate as described above. Apoptosis and the cell cycle were assessed by PI staining using a commercial Coulter DNA PREP Reagent kit according to the manufacturer's protocol (Beckman Coulter, Inc., USA) after exposure to LPS (final concentration of 1.0 µg/mL) for up to 24 h, 48 h, and 72 h.
ELISA
The quantitative determination of IL-1β, IL-1α, IL-6, IL-8, IL-12, and TNF-α in the supernatants of hWJ-MSC cultures at 24 h, 48 h, and 72 h after LPS treatment was performed using commercial ELISA kits (Neobioscience, China) according to the manufacturer's protocols.
Statistical analysis
The results are presented as the mean±SD. The statistical analysis was performed using a Student's t test or a one-way ANOVA, followed by Tukey's post hoc test. 
Results

Characterisation of hWJ-MSCs
hWJ-MSCs were isolated from three samples and analysed for the positive expression of CD105, CD73, CD90, and HLA-ABC and negative expression of CD31, CD14, and HLA-DR surface markers using flow cytometry analysis, respectively. Stem cell differentiation tests in vitro showed that chondrogenic and adipogenic differentiation were successfully induced in hWJ-MSCs (data not shown).
LPS does not affect hWJ-MSC morphology, proliferation, and apoptosis
The morphology of hWJ-MSCs was not affected by LPS exposure, as determined by microscopy using a Nikon eclipse TE2000-S Microscope at 350× magnification. In addition, the proliferation and apoptosis of hWJ-MSCs, as analysed by MTT assay and PI staining, respectively, showed no differences between the control and groups exposed to LPS at different time points (Fig. 1, Fig. 2B and C) .
The constitutive expression of TLR4 in hWJ-MSCs
Both the expression profiles of TLR4 and CD14, were analysed at the mRNA and protein levels by qRT-PCR analysis and flow cytometry. Flow cytometry analysis showed that hWJMSCs were marginally positive for TLR4 expression (approximately 3%) but did not express CD14 in comparison to the isotype control; no obvious change was observed in response to LPS stimuli. Few intracellular expression of TLR4 was observed in hWJ-MSCs after cells exposing to LPS for up to 72 h compared to the expression on the surface of hWJ-MSCs (data not shown). However, qRT-PCR analysis revealed that TLR4 was expressed at relatively higher levels compared to GAPDH expression, and both TLR4 and CD14 were markedly upregulated when the cells were activated with LPS for up to 72 h (p=0.000 and 0.000) (Fig. 3) .
LPS stimulation resulted in increased inflammatory cytokines and chemokine expression in hWJ-MSCs
qRT-PCR was utilised to analyse the Th1 (IL-2, IFN-γ, and TNF-α) and Th2 cytokines (IL-4, IL-10, and IL-13), inflammatory cytokines (IL-1β, IL-1α, IL-6, and IL-12), and chemokine (IL-8) expression profiles in hWJ-MSCs. The results demonstrated the constitutive expression of IL-1β, IL-1α, IL-6, and IL-8 at very high levels, whereas the expression levels of IL-2, IL-4, IL-10, IL-13, and TNF-α were undetectable (data not shown). LPS had no/slight effect on the expression of IL-1β, IL-1α, IL-6, and IL-8 in hWJ-MSCs at 48 h though a marked increase was observed after 72 hours (all p=0.000). Very low IL-12 and IFN-γ mRNA levels were detected by qRT-PCR; overall, IL-12 was inhibited significantly (all p=0.000) (Fig. 4) and IFN-γ was not induced by LPS after the entire treatment (data not shown).
To confirm the qRT-PCR results, we assessed the cytokines' levels in the conditioned medium from hWJ-MSCs treated with LPS. Of all the tested cytokines, only IL-6 and IL-8 were detectable, showing a significant increase after cells exposing to LPS for up to 72 h compared to controls (p=0.01 and 0.007) (Fig. 2A) .
LPS promotes MMP-2 expression but inhibits MMP-9 expression in hWJ-MSCs
As shown by qRT-PCR analysis, MMP-2 and MMP-9 were constitutively expressed in hWJ-MSCs, and MMP-2 was expressed at high levels; in contrast, MMP-9 was expressed at a relatively low level. LPS stimulation resulted in the significant up-regulation expression of MMP-2 and transiently down-regulated expression of MMP-9 in hWJ-MSCs. The expression of MMP-2 was not altered in the first 48 h (p=0.997 and 0.828) but increased in the next 24 h (p=0.000). This finding is in sharp contrast to MMP-9, which was inhibited by LPS in the first 48 h (p=0.000 and 0.000) and increased to a relatively normal lever after 72 h (p=0.236) (Fig. 5) .
LPS regulates the transcription of immunosuppressive mediators in hWJ-MSCs
The expression of IDO-1, IDO2, Cox2, and IFN-β was detected by qRT-PCR analysis. The expression of IDO-1 and IFN-β at the mRNA level showed a significant increase after LPS exposure over the whole period of 72 h (p=0.000,0.003,0.000 and p=0.001,0.034,0.000), whereas the significant induction of Cox2 only appeared after a 72-h LPS exposure (p=0.000) (Fig. 5) . Regarding the expression of IDO2, no change was detected at different exposure times to LPS (data not shown).
Discussion
The results of this study demonstrated the expression profile of TLR4 in hWJ-MSCs. An LPS model mimicked the inflammatory changes in the transcription and/or translation profiles of paracrine factors, such as cytokines and chemokine related to inflammation (IL-1β, IL-1α, IL-6, IL-8, and IL-12), matrix metalloproteinases (MMP-2 and MMP-9), pathway ex vivo, impacting the proliferation, immunomodulation, and migration of these cells [23] [24] [25] [26] [27] . The functions of adult MSCs, such as hBW-MSCs and hAT-MSCs, were modulated by the TLR4-LPS signalling pathway ex vivo, and LPS stimulation resulted in the increased production of such inflammatory cytokines and chemokines as IL-1β, IL-6, and IL-8 [17, [23] [24] [25] 28] . However, for the role of TLR4 in hWJ-MSCs, two early reports came to the opposite conclusion [27, 29] . Raicevic et al. explored the details of the hWJ-MSCs TLRs expression profiles and found that TLR4 is not expressed in these cells at transcription level or protein level and consequently do not respond to LPS activation [29] . In contrast, report by Chen et al. demonstrated the presence of TLR4 on the surface of human umbilical cord-derived MSCs (hUC-MSCs) at a very low level (5%-6%) by flow cytometry analysis but further confirmed that LPS engagement induced NF-kB translocation and resulted in the up-regulation of IL-6, IL-8, and IFN-γ mRNA expression in hUC-MSCs, which indicated TLR4 is a functional receptor [27] . Because of that LPS stimulation increased the TLR4 mRNA expression in MSCs at low concentration but decreased at very high concentration [31] . Moreover, the two groups used different isolating method respectively to obtain MSCs from human Wharton's jelly though no difference was found between the MSCs isolated by the two methods so far as we know. We speculated that the isolation method and the concentration and length of incubation with LPS might contribute to the confliction between the two reports. In this study, we isolated hWJ-MSCs like Chen et al. and exposed the cells to LPS at an appropriate concentration (1.0 μg/ml) [32] for a longer (72 h) time period and wished make a comprehensive evaluation for the TLR4 expression profiles and the paracrine effect changes in hWJ-MSCs response to LPS engagement at different time. Our results showed that the constitutive expression of TLR4 was low at the protein level (approximately 3%) but high at the mRNA level in hWJMSCs, consistent with the report by Chen et al. [27] . The TLR4 profile on the surface of hWJMSCs was not altered during the course of LPS stimulation according to our flow cytometry analysis, but the continuous transcription of TLR4 was significantly up-regulated when hWJMSCs were stimulated for 72 h. This same increase was observed for CD14, a co-receptor of TLR4, though the CD14 protein is absent in hWJ-MSCs. The data showed LPS initiated a transcriptional regulation of TLR4 and CD14 expression in hWJ-MSCs. The discrepancy between transcription and translation could be explained by the translational regulation, which was also observed for TLR4 expression in hCB-MSCs [26] . The pro-inflammation cytokines (IL-1β, IL-1α, and IL-6) and chemokine (IL-8) related to the TLR4-LPS signalling pathway was also up-regulated at the mRNA and/or protein levels in hWJ-MSCs treated with LPS. The pro-inflammatory state shift provoked by LPS in hWJ-MSCs in our study showed a "dull" response compared to the responses observed in hBM-MSCs and hAT-MSCs [23] [24] [25] 27] but showed similar characteristics to hCB-MSCs [26] . These findings suggested that the hMSCs derived from foetal tissue are not sensitive as the MSCs derived from adult tissues to the LPS engagement [2, 4, 7, 25, 26] .
MMPs appear to play an essential role in angiogenesis, proliferation, apoptosis, and invasion. MMP-2 but not MMP-9 is secreted by hBM-MSCs, which promotes their migration through the extracellular matrix, and MMP-2 is a key factor involved in the transmigration and invasion of hMSCs [33] [34] [35] [36] . Ding Y et al. [37] showed that hBW-MSCs prevent the rejection of fully allogenic islet grafts in a mouse model via the immunosuppressive activity of MMP-2 and MMP-9. In another report, TLR9 ligands increased hBW-MSC invasiveness, at least partially mediated by MMP-13 [38] . These reports showed that TLRs modulate MSCs through MMPs. In the present study, we also detected the transcriptional expression of MMP-2 and MMP-9 in hWJ-MSCs. The results showed the constitutive expression of MMP-2 at a relatively high level and MMP-9 expression at a relatively low level in hWJ-MSCs compared to the expression of GAPDH. MMP-2 was up-regulated in response to LPS stimuli, whereas MMP-9 expression was temporary inhibited by LPS in the first 48 h and increased to a relatively normal level at 72 h. Our results suggest that both MMP-2 and MMP-9 play roles in the TLR4-LPS signalling pathway in hWJ-MSCs [39] , but show different responses.
hMSCs secrete some paracrine factors that mediate immunosuppression, such as PGE2, IDO, IFN-β, and transforming growth factor-β [27, 40, 41] . However, Cox2 but not
